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© The present invention relates to a solid catalyst suitable for polymerizing olefins in a heterogeneous process, 
the catalyst being obtainable by a process comprising (1) contacting a support containing MgCfe and an electron 
donor (D1) free from labile hydrogen with an electron donor (D2) containing labile hydrogen, and (2) then 
contacting the solid resulting from (1) with a zirconium metaliocene, optionally with an organoaluminium 
compound which is preferably an aluminoxane. The solid catalyst may be used as such in olefin polymerization , 
or in the form of a prepolymer comprising a (co-)polymer of ethylene, the solid catalyst and an organoaluminium 
compound. The (co-)polymer of ethylene produced with the solid catalyst or with the prepolymer has a narrow 
molecular weight distribution and a low zirconium content and is in the form of a powder with a high bulk 
density, preferably consisting of spheroidal particles with a narrow particle size distribution. 
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CATALYST AND PREPOLYMER USED FOR THE PREPARATION OF POLYOLEFINS 



The present invention relates to a solid catalyst suitable for (co-)polymerizing olefins, especially 
ethylene, the solid catalyst being obtainable by contacting a particular magnesium chloride support with a 
zirconium metallocene. It also relates to the use of the catalyst as such or else in the form of a prepolymer 
in a heterogeneous process of polymerization or copolymerization of olefins, especially ethylene. 

5 It is known that it is possible to manufacture polyolefins in the presence of a catalyst system comprising 
a catalyst based on a zirconium metallocene and a cocatalyst consisting of an organoaluminium compound, 
especially an aluminoxane. However, this catalyst is preferably employed in a homogeneous process such 
as in solution in a liquid hydrocarbon and is not suited to heterogeneous processes of polymerization in 
suspension in aliphatic, hydrocarbons or in gaseous phase. 

io According to US Patent No. 4,659,685, it is also known to manufacture polyolefins with the aid of a 
catalyst system comprising a solid catalyst consisting of a zirconium metallocene deposited on a support 
such as a refractory oxide or a magnesium chloride. However, the catalysts thus obtained have a broad 
particle size distribution and consist of particles having no well-defined shape. Furthermore, they generally 
produce polyolefins with relatively broad molecular weight distribution. 

T5 For a number of years attempts have been made to develop a high-activity solid catalyst comprising a 
zirconium metallocene for a heterogeneous process of the (co-)polymerization of olefins especially ethylene. 
In particular, a solid catalyst whose support can receive a large quantity of zirconium has been sought 
Attempts have been made, furthermore, to develop a catalyst suited to the heterogeneous processes of 
polymerization of olefins in suspension in an aliphatic hydrocarbon or in gaseous phase, processes in which 

20 it is important to be able to control the size, the particle size distribution and the morphology of the catalyst 
particles at the same time. It has also been shown to be important that any solid catalyst should be able to 
withstand the growth stresses during the polymerization, especially in the initial stage of a gas phase 
polymerization. We have found that the growth stresses with zirconium metallocene catalysts are generally 
much greater than those of a catalyst based on a titanium or vanadium chloride which is less active in olefin 

25 polymerization. It is also desirable that the solid catalyst be capable of producing an ethylene polymer or an 
ethylene copolymer with an easily controllable average molecular and a narrow molecular weight distribu- 
tion, so as to enable this polymer or copolymer to be shaped using injection and moulding. 

It has now been found that it is possible to prepare a solid catalyst with high activity in the (co- 
)polymerization of olefins, prepared by contacting a relatively high amount of a zirconium metallocene with 

30 a magnesium chloride support. In particular, this catalyst is in the form of spheroidal particles which are 
suited to the heterogeneous polymerizations of olefins in suspension or in gaseous phase and which are 
capable of withstanding the enormous growth stresses during the polymerization. 

The present invention relates therefore to a solid catalyst suitable for a heterogeneous process for 
polymerizing one or more olefins, in particular ethylene, the solid catalyst being prepared by contacting a 

35 zirconium metallocene with a magnesium chloride support, characterized in that the solid catalyst is 
obtainable by a process comprising: 

(1) a first stage, wherein a solid support (A) containing from 80 to 99.5 moI% of magnesium dichloride 
and from 0.5 to 20 mol% of at least one organic electron-donor compound, D1, free from labile 
hydrogen, the solid support (A) being in the form of spheroidal particles with a mass-average diameter, 

4o Dm, of 10 to 100 microns and a particle size distribution, such that the ratio of Dm to the number- 
average diameter, Dn, of the particles is not higher than 3, preferably not higher than 2.5 and especially 
not higher than 2, is brought into contact with at least one electron-donor compound, D2, containing 
labile hydrogen, 

(2) then, a second stage, wherein the solid support resulting from the first stage is brought into contact 
45 with a zirconium metallocene (B) optionally with an organoaluminium compound (C), preferably an 

aluminoxane. The contact of the solid support resulting from the first step with (B) and optionally (C) may 
be performed in various ways, for instance by contacting the solid support resulting from the first step 
with (B) followed by (C) or vice versa 
In the process for the preparation of the catalyst, a particular magnesium chloride support (A) is used, 
so containing an organic electron-donor compound, D1, in a relatively large quantity. The support comprises 
from 80 to 99.5 mol% preferably from 80 to 95 mol% and especially from 80 to 90 mol% of magnesium 
dichloride and from 0.5 to 20 mol% preferably from 5 to 20 mol% and especially from 10 to 20 mol% of the 
compound D1. 

The support, which is based essentially on magnesium dichloride, may additionally contain a chlorine 
containing aluminium derivative, such as aluminium trichloride, as well as optionally a magnesium chloride 
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containing Mg-C bonds. The quantity of the chlorine containing aluminium derivative may be lower than or 
equal to 30 mol%, preferably 20 mo!% or less relative to the magnesium dichloride such as 1 to 20 mol%. 
The quantity of Mg-C bond may be lower than or equal to 5 mol%, preferably 1 mol% or less relative to the 
magnesium dichloride. Especially, the support contains substantially no Mg-C bond. 

s The organic electron-donor compound, D1 , is generaJIy known as a Lewis base and must be free from 
labile hydrogen. It cannot, for example, be chosen from water, alcohols or phenols. It has an ability to 
complex magnesium dichloride. It is advantageously chosen from ethers, esters, thioethers, sulphones, 
sulphoxides, secondary amides, tertiary amines, tertiary phosphines and phosphoramides. Electron-donor 
compounds of low complexing power, such as cyclic or non-cyclic ethers, are preferred. 

10 The organic electron-donor compound, D1, is advantageously distributed homogeneously throughout 
the support particle, forming a homogeneous composition of magnesium dichloride and compound D1. 
Consequently, a support of this kind cannot normally be prepared merely by bringing anhydrous magne- 
sium dichloride particles into contact with the compound D1. For this reason it is recommended that the 
support be prepared by precipitation of magnesium dichloride in the presence of the compound D1. 

75 The support (A) consists of particles whose specific surface area (BET) may be from 20 to 100 m 2 /g, 
preferably from 30 to 60 m 2 /g. It consists of spheroidal particles which have a substantially spherical shape, 
e.g. in which the ratio D/d of the particles is close to 1 , D and d being the major axis and the minor axis of 
the particles respectively. The ratio D/d is generally lower than or equal to 1 .5, preferably 1 .3 or less, such 
as 1 to 1.5, or 1 to 1.3. 

20 The particles of the support (A) have a mass-average diameter of 10 to 100 microns, preferably of 15 to 
70 and especially 20 to 50 microns. They have a very narrow particle size distribution, such that the ratio 
Dm/Dn of the mass-average diameter, Dm, to the number-average diameter, Dn, is not higher than 3, 
preferably not higher than 2.5 and especially not higher than 2, such as 1 to 3, or 1 to 2.5, or 1 to 2 and 
especially 1.1 to 1.5. Preferably, there is a virtually total absence of particles of diameter greater than 1.5 x 

25 Dm or smaller than 0.6 x Dm; the particle size distribution is usually such that more than 90% by weight of 
the particles of the same single batch have a particle size in the range Dm± 10%. 

The support may, in particular, be prepared by reacting a dialkylmagnesium compound with an organic 
chlorine compound in the presence of the electron-donor compound, D1, acting as a complexing agent and 
not as a reactant in this preparation. For this reason in this production process, the compound D1 cannot be 

30 chosen from electron-donor compounds capable of reacting with organomagnesium compounds e.g. from 
esters. The dialkylmagnesium compound chosen may be a product of formula Ri MgR 2 in which Ri and R2 
are identical or different alky I radicals containing from 2 to 12 carbon atoms, and which is soluble in the 
hydrocarbon medium in which the preparation of the support will preferably be carried out The organic 
chlorine compound which is chosen is an alky I chloride of formula R3CI in which R3 is a secondary or, 

35 preferably, tertiary alky I radical, preferably containing from 3 to 12 carbon atoms. It is preferred to employ, 
as electron-donor compound, D1 f an ether of formula RaORa in which Rs and R9 are identical or different 
alkyl radicals, especially containing from 1 to 12 carbon atoms. 

The various reactants used for the preparation of the support (A) can be used with: 
- a molar ratio R3CI/R1 MgR 2 of from 1 .5 to 2.5, preferably from 1 .9 to 2.3, and 

40 - a molar ratio D1/R1 MgR 2 of from 0.1 to 1.2, preferably from 0.3 to 0.8. 

The reaction between Ri MgR 2 and RaCI in the presence of the electron-donor compound D1 is a 
precipitation which takes place in an inert liquid medium, e.g. a liquid hydrocarbon, with stirring preferably 
at a temperature of 0 to 100* C. To obtain an excellent support, in particular one with a large quantity of the 
electron-donor compound, D1 f it is recommended to perform the precipitation reaction at a relatively low 

46 temperature ranging from 10 to 50 "C, referably from 15 to 35 "C. Preferably, the precipitation reaction 
should proceed extremely slowly, over a period of at least 10 hours e.g. 10 to 50 hours, preferably a period 
ranging from 10 to 24 hours, so as to permit a suitable formation of the solid product, in particular the 
insertion of a large quantity of compound D1 and its uniform dispersion in the support. 

The first stage of the catalyst preparation may consist in bringing the support (A) into contact with an 

so electron-donor compound containing labile hydrogen, D2. e.g. an alcohol, a phenol, a primary amide, a 
primary or secondary amine, a primary or secondary phosphine. D2 is preferably chosen from alcohols and 
phenols. It is preferred to employ an alcohol containing from 1 to 12 carbon atoms, in particular ethanol, 
propanol, n-butanol, n-pentanol or n-hexanol. The compound D2 generally has a complexing power for 
magnesium chloride which is higher than that of the compound D1. 

55 From 0.05 to 3 moles, preferably from 0.1 to 1 mole of compound D2 can be used per mole of 
magnesium of the support (A). If the amount of D2 used is too high, the support gets more fragile. The 
contact of the compound D2 with the support (A) may be brought about at 0 to 100"C, preferably 0 to 
70" C. It is preferably brought about with agitation e.g. stirring in an aliphatic or aromatic liquid hydrocarbon 
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such as n-hexane or toluene, over a period which can range from 10 minutes to 5 hours. In practice, the 
contact can be brought about in various ways, for example by slow addition of the compound D2 to the 
support (A) in a suspension in a liquid hydrocarbon under a continuous agitation. It is generally found that 
most of the compound D2 used in this stage becomes fixed in the support without appreciably modifying 

5 the morphology of the support. Only the specific surface area of the support is increased and helps to 
deposit in the support a relatively high amount of zirconium which is strongly bound to the support Thus 
treated with the compound D2, the support may be washed one or more times with the aid of a 
hydrocarbon before proceeding to the next stage. The solid product resulting from the first stage may have 
the generai formula: 

io MgCt2.xD1.yD2 

wherein D1 and D2 denote the above-mentioned electron-donor compounds, x is a number ranging from 
0.0005 to 0.15, especially from 0.001 to 0.1 and y is a number ranging from 0.05 to 3, particularly from 0.1 
to 1. 

The second stage of the catalyst preparation consists in bringing the support treated with the compound 
75 D2 into contact with a zirconium metailocene (B). In particular, the zirconium metallocene is a metallocene 
containing a tetravalent zirconium , with at least one Zr-C bond which is a covalent or pi-bonded one. It is 
also called zirconocene, which preferably corresponds to the general formula 



in which R* denotes a cycloalkadienyl radical or cycloalkadienyl radical substituted by at least one alkyl 
20 radical e.g. of 1 to 6 carbon atoms, such as methyl or ethyl, or by at least one alkoxy radical e.g. of 1 to 6 
carbon atoms, or a fused ring cycloalkadienyl group e.g. of 7 to 14 carbon atoms such as indenyl or 
tetrahydroindenyl, and each of Rs , Re and R7 being identical or different denotes a cycloalkadienyl radical, 
a cycloalkadienyl radical substituted by at least one alkyl or alkoxy group e.g. of 1 to 6 carbon atoms, such 
as methyl ethyl, methoxy, ethoxy, propoxy or butoxy, an aryl radical e.g. an aromatic hydrocarbyl group 
25 such as one of 6 to 19 carbon atoms such as phenyl, an alkyl radical e.g. of 1 to 6 carbon atoms such as 
methyl or ethyl, a cycloalkyl radical e.g. of 5 to 7 carbon atoms such as cyclohexyl, an aralkyl radical e.g. of 
7 to 19 carbon atoms such as aromatic hydrocarbyl alkyl such as benzyl, a halogen atom e.g. chlorine Or 
* bromine, an alkoxy radical e.g. of 1 to 12 carbon atoms such as methoxy, ethoxy, propoxy or butoxy, or a 
hydrogen atom. Provided that when Rs represents a cycloalkadienyl radical or a substituted cycloalkadienyl 
30 radical, or a fused ring cycloalkadienyl group, R4 and Rs may be bonded to each other either directly or via 
a lower alkylene group e.g. of 1 to 4 carbon atoms. The. cycloalkadienyl radical is preferably one with a 
conjugated Cs ring diene group, such as a cyclopentadienyl. Examples of suitable radicals for R*. Rs, R6 or 
R 7 may contain 6 to 22 carbon atoms and preferably are methylcyclopentadienyl, ethylcyciopentadlenyl, 
dimethylcyclopentadienyl, indenyl, ethyienebisindenyl or tetrahydroindenyl radical. 
35 The zirconium metallocene may, in particular, be chosen from 
bis(cyclopentadienyl) methy Ichlorozirconium , 
bis(cyciopentadienyl)dichlorozirconium and 
bis(4,5,6 i 7-tetrahydroindenyl)ethylenedichlorozirconium. 

p re f era biy, the zirconium metailocene also comprises at least one Zr-X bond, wherein X represents a 
40 halogen atom e.g. a chlorine or bromine atom, or an alkoxy group e.g. of 1 to 12 carbon atoms. 

During the second stage the support may be preferably brought into contact with the organoaluminium 
compound (C), preferably the aluminoxane, because the compound (C) helps to deposit in the support a 
relatively high amount of zirconium which is then strongly bound to the support. The compound (C) may be 
a trialkylaluminium, e.g. trimethylaluminium, or triethylaluminium, or an alkylaluminium hydride, an al- 
45 kylaluminium alkoxide, or an alkylaluminium halide, e.g. diethylaluminium chloride, or preferably an 
aluminoxane. The aluminoxane may be either a linear aluminoxane corresponding to the general formula 
(R)2AIO(AI(R)-0)nAI(R)2 

in which each R denotes an alkyl radical e.g. of 1 to 6 carbon atoms, such as methyl or ethyl, and n is a 
number ranging from 2 to 40, preferably from 10 to 20, or a cyclic aluminoxane corresponding to the 
so general formula 



in which R and n are as defined above. The aluminoxane is preferably a methy laluminoxane. 

In the second stage the support resulting from the first stage may be employed in the form of a 



R^RsReRyZr 
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suspension in an aliphatic or, preferably, aromatic hydrocarbon. 

The zirconium metallocene (B) may be used in the form of a solution, especially in an aromatic 
hydrocarbon such as toluene. The concentration of the solution may be from 0.1 to 50 milJimoIes of 
zirconium per litre. The organoaluminium compound (C) which is preferably an aluminoxane may also be in 
5 the form of a solution in a hydrocarbon, especially an aromatic hydrocarbon such as toluene, at a 
concentration which may go up to 30% by weight of aluminium. 

The contact of the support resulting from the first stage with the zirconium metallocene (B) may be 
brought about in various ways. It is possible, for example, to add the support to a solution of (B), or the 
reverse. The contact is preferably brought about in the presence of the compound (C) f preferably the 
io aluminoxane. In this case, a solution of the zirconium metallocene (B) and a solution of the compound (C) 
can be added to the support either simultaneously or especially as a previously prepared mixture. It is also 
possible to add the support to the mixture of these two solutions. 

The contact may also be brought about by successively adding to the support a solution of the 
zirconium metallocene (B) and then a solution of the compound (C). It is also possible to add successively 
15 to the support a mixture of the solution of (B) with a part of the solution of (C>, and then the remainder of 
the solution of (C). 

The contact may also be brought about by first of all adding a solution of (C) to the support, and then a 
solution of (B). It is also possible to add to the support first of all a mixture of the solution of (C) with a part 
of the solution of (B), and then the remainder of the solution of (B). These successive additions can be 

20 carried out by being sequenced immediately one after the other or else by being separated by periods 
ranging from a few minutes to a few hours, preferably from 10 minutes to 5 hours. 

In ail cases it is preferable that the contact be brought about with agitation e.g. stirring, for a total period 
ranging from 5 minutes to 10 hours, preferably from 10 minutes to 5 hours. During the contact, the addition 
of a component may be very fast or slow and uniform over a period ranging from 5 minutes to 5 hours. The 

25 temperature can be from 0*C to the boiling temperature of the hydrocarbon solvent employed in the 
solutions, and is preferably from 0 ° C to 1 1 0 " C. When the preparation of the catalyst is carried out in the 
presence of the compound (C) preferably the aluminoxane, and when the latter is used separately from the 
zirconium metallocene (B), the contact of the support with (C) may be brought about at a temperature other 
than that at which the support is brought into contact with (B). 

30 The quantities of the components used during the second stage may be such that: 

- the molar ratio of the quantity of Zr of the zirconium metallocene (B) to that of the Mg of the support 
is from 0.001 to 1 . preferably from 0.005 to 0.5, and more particularly from 0.01 to 0.1 , 

- the molar ratio of the quantity of Al of the compound (C) to that of Zr of the zirconium metallocene (B) 
is from 0 to 1 ,000, preferably from 1 to 500, especially from 5 to 200. 

as In particular, the quantity of the zirconium metallocene (B) used during the second stage may be such 
that the molar ratio of the quantity of Zr to that of the compound D2 used in the first stage is from 0.01 to 2, 
preferably from 0.05 to 1 . 

The second stage of the catalyst preparation may be carried out in the presence of an organic electron 
donor compound, free from labile hydrogen, added when the components are brought into contact, it being 

40 possible for this electron-donor compound to be identical to or different from the compound D1 present in 
the support employed. It may additionally be chosen from organic silicon compounds such as a silane 
compound having the general formula R 10 4- o Si(0R 11 ) 0 wherein R 10 and R 11 being identical or different 
denote an alkyl, cycloalkyl, aralkyl, or aryl, radical e.g. of 1 to 19 carbon atoms and n is a number from 1 to 
4; the silane compound may be the cyclohexylmethyldimethoxy silane. 

45 The catalyst is obtained in the form of a solid which can be isolated by removing the hydrocarbon 
solvent(s) employed during the preparation. The solvent(s) may, for example, be evaporated off at 
atmospheric pressure or a lower pressure. The solid catalyst may also be washed with a liquid hydrocarbon, 
preferably an aliphatic hydrocarbon such as n-hexane or n-heptane. The catalyst is in the form of spheroidal 
particles whose morphology, size and particle size distribution are substantially identical with those of the 

so solid support (A) employed for preparing the catalyst and are otherwise described above. 

It has surprisingly been found that the catalyst may comprise relatively large quantities of zirconium. It 
is thought that this surprising result is due to the fact that the solid magnesium chloride support employed 
is of a particular nature, ft comprises, in particular, an electron-donor compound D1 free from labile 
hydrogen, which is dispersed homogeneously in the support and initially present in the support in a 

55 relatively large quantity, this support having then been subjected to a treatment with an electron-donor 
compound containing labile hydrogen, D2. 

The solid catalyst may be employed directly in a (co)-polymerization of olefin, e.g. C2 to Cs alpha- 
olefin, such as ethylene or propylene, preferably ethylene, in the presence of a cocatalyst chosen from the 
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organometallic compounds of a metal belonging to group II or fil of the Periodic Classification of the 
elements. In particular, the cocatalyst may be one or more organoaluminium compounds such as a 
trialkylaluminium, an organoaluminium hydride, an organoaluminium alkoxide or an organoaluminium halide, 
e.g. with each alkyl group of 1 to 10 carbon atoms, such as trimethylaluminium, triethylaluminium, tri-n- 

s hexylaluminium, tri-n-octylaluminium, or diethylaluminium chloride, but preferably an aluminoxane cor- 
responding to the general formula mentioned above. The aluminoxane employed as cocatalyst during the 
polymerization may be"~identical to or different from that which is optionally employed in the catalyst 
preparation. The aluminoxane may be employed mixed with an organoaluminium compound such as that 
described above, e.g. a trialkylaluminium such as trimethylaluminium. The quantity of cocatalyst employed 

10 in polymerization is such that the molar ratio of the quantity of metal in the cocatalyst to that of zirconium in 
the catalyst is between 1 and 10,000, preferably between 10 and 1,000. 

The solid catalyst may be employed as such in polymerization or preferably in the form of a 
prepolymer of olefins. A prepolymerization step is a preferred method in a heterogeneous process for 
polymerizing olefins by means of the present catalyst, because the zirconium metal locene of the catalyst is 

is more strongly fixed in the support than a non-prepolymerized catalyst and it is less capable of being 
extracted from the catalyst and producing fine particles of polymer during the polymerisation. Another 
advantage of transforming the present catalyst into a prepolymer is the improvement of the Quality of the 
polymers obtained therefrom, in particular a polymer powder with a better morphofogy, higher bulk density 
and improved flowing properties. 

20 The prepolymer is obtained by bringing the solid catalyst into contact with at least one olefin, e.g. C2 to 
Cs alpha-olefin, such as ethylene or propylene, preferably ethylene or a mixture of ethylene and at least one 
alpha-olefin containing from 3 to 8 carbon atoms. The prepolymerization may be performed in a slurry in a 
liquid hydrocarbon or in a gas phase, at a temperature from 0 to 100*C, preferably from 20 to 90° C, 
especially from 50 to 80 ° C, and under a total pressure from 0.1 to 5 MPa. The prepolymerization may be 

25 performed in the presence of a cocatalyst, such as that described above, either by adding to the 
prepolymerization medium the cocatalyst, preferably an aluminoxane or a mixture of an aluminoxane with an 
organoaluminium compound such as a trialkylaluminium, or by using the catalyst containing a sufficient 
quantity of the organoaluminium compound (C) preferably an aluminoxane, or by a combination of the two 
methods, in such a way that the total atomic ratio of Al/Zr in the prepolymerization medium is from 10 to 

30 1000, preferably from 50 to 500. The cocatalyst added to the prepolymerization medium, if any, may be 
identical or different from that employed during the polymerization. The prepolymerization may be stopped 
when the prepolymer contains from 0.1 to 500, preferably from 10 to 400 g of polyolefin per millimole of 
zirconium. 

The prepolymer constitutes a further aspect of the invention and preferably consists of particles of 
35 polyethylene or copolymer of ethylene with up to 10% by weight of at least one C3 to C8 alpha-olefin, and 
comprises an active zirconium metallocene catalyst for a further (co-)polymerization of olefins, essentially 
comprising atoms of zirconium, magnesium, chlorine and aluminium and being preferably free from 
refractory oxide, such as alumina*or silica, the prepolymer containing from 0.1 to 500, preferably from 10 to 
400 g of polyethylene or copolymer of ethylene per millimole of zirconium, and having an atomic ratio of 
40 NfZx from 10 to 1000, preferably from 50 to 500. Advantageously the prepolymer may consist of spheroidal 
particles, having a mass-average diameter, Dm, from 10 to 500 preferably from 30 to 300 and especially 
from 50 to 250 microns and a narrow particle size distribution such that the ratio of Dm to the number- 
average diameter Dn of the particles is not higher than 3, preferably not higher than 2.5 and especially not 
higher than 2. 

45 The catalyst or the prepolymer is particularly suitable for a heterogeneous polymerization process, 
either in suspension in a saturated aliphatic hydrocarbon or in gaseous phase in a fluidized bed, under a 
total pressure of 0.1 to 5 MPa and at a temperature of 10 to 110* C, in the presence of a cocatalyst, such 
as that described above, preferably an organoaluminium compound and especially an aluminoxane or a 
mixture of a trialkylaluminium with an aluminoxane, such as that described above, in a quantity such that the 

so total atomic ratio of Al/Zr in the (co-)polymerization medium is from 10 to 1000, preferably from 50 to 500. 
The catalyst or the prepolymer is preferably used in a gaseous phase polymerization process, such as in a 
fluidized bed, because the polymers or copolymers of ethylene thus obtained generally consist of powders 
having improved flowing properties and higher bulk density in comparison with those obtained in a slurry 
process. 

55 The polymers or copolymers of ethylene obtainable according to the present invention, preferably in a 
gaseous phase (co-)polymerization process, constitutes a further aspect of the invention and may have a 
density from 0.89 to 0.965 g/cm 3 , a melt index (measured according to ASTMD 1238 condition E) from 0.01 
to 50, preferably from 0.1 to 20 g/10 minutes, a molecular weight distribution (expressed by Mw/Mn) from 2 
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to 5, preferably from 2 to 4, catalyst residues free from refractory oxide, such as silica or alumina, 
essentially consisting of atoms of magnesium, chlorine, aluminium and zirconium, the quantity of zirconium 
being 0.5 to 20, preferably from 1 to 10, especially from 1 to 5 (ppm) parts per million by weight, and a 
level of ethylenic unsaturation not higher than 0.6, e.g. 0.1 to 0.6 and preferably from 0.3 to 0.5 per 1000 

s carbon atoms, in particular a level of vinyl unsaturation not higher than 0.5 e.g. 0.1 to 0.5, preferably from 
0.2 to 0.4 per 1000 carbon atoms, and a level of vinylidene unsaturation not higher than 0.2 e.g. 0.01 to 0.2 
and, preferably from 0.05 to 0.1 per 1000 carbon atoms. The copolymer of ethylene may contain up to 30% 
by weight, e.g. from about 0.1 to 25% by weight preferably from 5 to 25% by weight of at least one C3 to 
C8 alpha-olefin e.g. propylene, butene-1, hexene-1, methyl-4-pentene-l or octene-1. Advantageously, the 

70 polymers or copolymers of ethylene are in the form of a powder having a bulk density from 0.3 to 0.55, 
preferably from 0.35 to 0.5 g/cm 3 , and preferably consisting of spheroidal particles, having a mass-average 
diameter, Dm, from 150 to 1000, preferably from 300 to 800 microns and a narrow particle size distribution 
such that the ratio of Dm to the number-average diameter Dn of the particles is not higher than 3, preferably 
not higher than 2.5 and especially not higher than 2. 

15 When the weight average molecular weight, Mw, of the polymers or copolymers of ethylene is from 10 s 
to 3 x 10 s , the molecular weight distribution (expressed by Mw/Mn) is very narrow, particularly in the range 
from 2 to 4, preferably from 2 to 3.5. 

Method of determining the mass-average (Dm) and number-average (Dn) diameters of particles . 

20 " ~~ 

The mass-average (Dm) and number-average (Dn) diameters of the support or cataJyst particles are 
measured on the basis of microscopic observations, by means of the Optomax image analyser (Micro- 
Measurements Ltd, Great Britain). The principle of the measurement consists in obtaining, from the 
experimental study of a population of particles using optical microscopy, a frequency table which gives the 

25 number (ni) of particles belonging to each class (i) of diameters, each class (i) being characterized by an 
intermediate diameter (di) included within the limits of the said class. According to the approved French 
Standard NF X 11-630 of June 1981, Dm and Dn are given by the following formulae: 

X ni(di) 3 di 

30 

mass-average diameter: Dm - 

ni(di) 3 
^ni.di 

as number- average diameter: Dn - 

The ratio Dm/Dn characterizes the particle size distribution; it is sometimes called "width of the particle 
40 size distribution". The measurement using the Optomax image analyser is carried out by means of an 
inverted microscope which permits the examination of the suspensions of support or catalyst particles with 
a magnification of between 16 and 200 times. A television camera picks up the images given by the 
inverted microscope and transmits them to a computer which analyses the images received line by line and 
point by point on each line, in order to determine the particle dimensions or diameters, and then to classify 
45 them. 

Measurement of the molecular weight distribution . 

The molecular weight distribution of a (co)polymer is calculated according to the ratio of the weight- 
so average molecular weight, Mw, to the number-average molecular weight, Mn, of the (co)polymer, from a 
molecular weight distribution curve obtained by means of a "Waters"(Trademark) model "150" ® gel 
permeation chromatograph (High Temperature Size Exclusion Chromatograph) f the operating conditions 
being the following: 

- solvent: 1 ,2,4-trichlorobenzene 
55 - solvent flow rate: 1 ml/minute 

- three "Shodex" ® (Trademark) model "AT 80 M S " columns 

- temperature: 150*C 

- sample concentration: 0.1% by weight 
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- injection volume: 500 microlitres 

- detection by a refractometer integral with the chromatograph 

- calibration using a high density polyethylene sold by BP Chemicals S.N.C. under the trade name 
"Rigidex 6070EA n :Mw = 65,000 and Mw/Mn = 4 and a high density polyethylene which has : Mw = 

s 210,000 and Mw/Mn = 17.5. 

The following non limiting examples illustrate the invention. 

Example 1 

70 a) Preparation of a support 

10.2 litres of a mixture containing 10 moles of dibutyimagnesium in n-hexane, followed by 6.45 litres of 
n-hexane and finally 1 litre of diisoamyl ether were introduced in the course of a first stage under nitrogen, 
at room temperature (25* C), into a 30-litre stainless steel reactor equipped with a stirrer rotating at a speed 

75 of 600 revolutions per minute and a jacket. In a second stage, where the speed of the stirrer was maintained 
at 600 revolutions per minute and the reaction temperature at 25 " C, 2.4 1 of tert-butyl chloride were added 
to the mixture thus obtained, at a constant flow rate during 12 hours. At the end of this period the reaction 
mixture was maintained at 25* C for 3 hours. The precipitate obtained was washed with 15 litres of n-hexane 
at 25 *C. The solid product obtained constituted the magnesium dichloride support, containing 0.12 moles 

20 of diisoamyl ether and less than 0.0001 mole of Mg-C bond per mole of magnesium dichloride. When 
examined with a microscope, the support was in the shape of spheroidal particles which had a mass- 
average diameter of 35 microns and an extremely narrow particle size distribution, such that the Dm/Dn 
ratio of the particles was equal to 1 .4. 

The specific surface of the support was approximately 45 m2/g (BET). 

25 

b) Preparation of a catalyst 

285 ml of an n-hexane suspension of the previously prepared support containing 100 millimoles of 
magnesium were introduced at 25 * C under nitrogen atmosphere into a glass reactor with a capacity of 1 

30 litre, equipped with a stirrer rotating at 350 revolutions per minute and with a heating and cooling system, 
followed by 20 millimoles of n-butanol. The mixture was kept stirred at 25 * C for 1 hour. At the end of this 
period the support is washed twice, each with 200 mi of n-hexane at 25* C. 

A 100 ml n-hexane suspension of the previously washed support, containing 100 millimoles of 
magnesium, was kept at 25 "C under a nitrogen atmosphere in the same reactor. 100 ml of a solution of 

35 bis(cyclopentadienyl)dichlorozirconium (Cp2ZrCI2) in toluene containing 5 millimoles of Zr were then 
introduced into the reactor at 25* C, with stirring. The reactor was then heated to 70* C and the mixture was 
then kept stirred at 70 * C for 2 hours. At the end of this period the reactor was cooled to 50 * C and the 
catalyst thus obtained was washed four times, each with 200 mf of n-hexane at 50 * C and then twice, each 
with 200 ml of n-hexane at 25* C, while cooling the reactor to 25* C. A solid catalyst which was ready for 

40 use was obtained in the form of spheroidal particles which had Dm = 35 microns and a Dm/Dn ratio = 1 .4. 
It contained the elements Zr and Mg in a molar ratio Zr/Mg = 0.0113 

c) Polymerization of ethylene in suspension in n-hexane 

45 500 ml of n-hexane were introduced under a nitrogen atmosphere into a stainless steel reactor with a 
capacity of 2 litres, equipped with a stirrer rotating at 350 revolutions/minute and with a heating and cooling 
system. The reactor was heated to 70* C and a quantity of previously prepared catalyst was introduced into 
it, corresponding to 0.0025 millimoles of zirconium and 25 milliatoms of aluminium as methylaluminoxane 
(MAO) in solution at a concentration of 30% by weight in toluene, the solution of (MAO) being sold by 

so Schering company (Germany). A volume of 50 ml of hydrogen, measured under normal conditions, was 
then introduced into the reactor, followed by ethylene at a steady flow rate of 60 g/h during 75 minutes. At 
the end of this period the polymerization was stopped and after the n-hexane had been removed a 
polyethylene powder was recovered, which had a melt index of 3.9 g/10 minutes, measured at 190* C under 
a 2.16 kg weight. The Mw/Mn ratio of the polythylene, measured by GPC, was 2.3. 

55 

Example 2 

a) Preparation of a support 
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This was exactly identical with that of Example 1 . 

b) Preparation of a catalyst 

s The preparation was carried out exactly as in Example 1 , apart from maintaining the reactor at 25 C 
and the mixture stirred at 25" C for 2 hours after the introduction of the zirconium compound in the reactor. 
The catalyst thus obtained was then washed six times, each with 200 ml of n-hexane at 25 " C. A solid 
catalyst which was ready for use was obtained in the form of spheroidal particles which had Dm = 35 
microns and a Dm/Dn ratio = 1.4. It contained the elements Zr, and Mg in a molar ratio Zr/Mg = 0.01. 

10 

c) Polymerization of ethylene in suspension in n-hexane 

A polymerization was carried out exactly as in Example 1, apart from using the previously prepared 
catalyst. A polyethylene powder was recovered, which had a melt index of 2g/l0 minutes measured at 
75 190" C under a 2.16 kg weight. The Mw/Mn ratio of the polyethylene, measured by GPC, was 2.3. 

Example 3 

a) Preparation of a support 
20 ~™ ~ 

This was exactly identical with that of Example 1 . 

b) Preparation of a catalyst 

25 100 ml of a suspension in n-hexane of the previously prepared support containing 100 millimoles of 
magnesium were introduced at 25 " C under nitrogen atmosphere into a glass reactor with a capacity of 1 
litre equipped with a stirrer rotating at 350 revolutions per minute and with a heating and cooling system, 
followed slowly by 100 millimoles of n-butanol over 2 hours. At the end of this period the support was 
washed once with 500 ml of n-hexane at 25° C. 

30 A 100 ml n-hexane suspension of the previously washed support, containing 100 millimoles of 
magnesium was kept at 25* C under nitrogen atmosphere in the same reactor. 14 ml of a solution of (MAO) 
in toluene, containing 25 milliatoms of aluminium were then introduced at 25" C into the reactor with stirring. 
The reactor was heated to 70 * C and the mixture was kept stirred at 70 *C for 2 hours. The reactor was 
cooled to 50° C and the solid obtained was washed four times, each with 200 ml of n-hexane at 50* C and 

35 then twice, each with 200 ml of n-hexane at 25* C, while the reactor was cooled to 25 *C. 100 ml of a 
solution of (Cp2ZrCI2) in toluene, containing 5 millimoles of zirconium, were then introduced into the reactor 
at 25 " C with stirring. The reactor was heated to 70 * C and the mixture was kept stirred at 70 * C for 2 hours. 
The reactor was cooled to 50 ' C and the solid catalyst obtained was washed four times, each with 200 ml of 
n-hexane at 50° C and then twice, each with 200 ml of n-hexane at 25* C while the reactor was cooled to 

40 25 *C. 

A solid catalyst which was ready for use was obtained, containing the elements Zr, Mg and Al and the 
butoxy radical in the following molar ratios: 
Zr/Mg = 0.0111 
Al/Zr = 9 
45 Butoxy/Mg = 0.88 

c) Polymerization of ethylene in suspension in n-hexane 

The polymerization was carried out exactly as in Example 1 , apart from using the previously prepared 
so catalyst. 

A polyethylene powder was obtained which had a melt index of 6.8 g/10 minutes* measured at 190*C 
under 2.16 kg. The Mw/Mn ratio of the polyethylene was 2.1. 

Example 4 

55 

a) Preparation of a support 

This was exactly identical with that of Example 1 . 
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b) Preparation of a catalyst 

100 ml of a toluene suspension of the previously prepared support containing 100 millimoles of 
magnesium were introduced at 25* C under nitrogen atmosphere into a glass reactor with a capacity of 1 

s litre, equipped with a stirrer rotating at 350 revolutions per minute and with a heating and cooling system, 
" followed by 20 millimoles of n-butanol. The mixture was kept stirred at 25 " C for 1 hour. At the end of this 
period the support was washed twice, each with 100 ml of toluene at 25° C. 

A 100 ml toluene suspension of the previously washed support, containing 100 millimoles of magne- 
sium, was kept at 25 °C in the same reactor under nitrogen atmosphere. 250 ml of a mixture in toluene 

io containing 10 millimoles of (Cp22rC12) and 250 milliatoms of aluminium as (MAO) in solution at a 
concentration of 30% by weight in toluene had been previously prepared in a separate vessel under 
nitrogen atmosphere, by contacting (CpZrCI2) and (MAO) with stirring at 25 " C for 1 hour. The mixture was 
then introduced into the reactor at 25* C with stirring. The ractor was heated to 70* C and the mixture was 
kept stirred at 70* C for 2 hours. At the end of this period, the catalyst thus obtained was washed ten times, 

75 each with 200 ml of n-hexane at 70* C. A solid catalyst which was ready for use was obtained in the form of 
spheroidal particles which had Dm = 35 microns and a Dm/Dn ratio = 1 .4. It contained the elements Zr, 
Mg and Al in the following molar ratios: 
Zr/Mg = 0.04 
Al/Zr = 0.16 

20 

c) Preparation of a prepolymer 

Into a 5 litre stainless steel reactor equipped with a stirrer rotating at 500 revolutions/minute were 
introduced under nitrogen 2 litres of n-hexane which were heated to 70 * C, then a mixture consisting of 260 

25 milliatoms of aluminium as (MAO) in solution at a concentration of 30% by weight in toluene and a quantity 
of previously prepared catalyst corresponding to 1.3 milliatoms of zirconium. Ethylene was then introduced 
into the reactor at a uniform rate of 133 g/h for 90 minutes. At the end of this period, the reactor was cooled 
at ambient temperature (20* C) and the content of the reactor was transferred to a rotary evaporator and the 
solvent was evaporated off under reduced pressure at a temperature of 60 * C. A prepolymer ws thus 

30 obtained and stored under nitrogen. It contained 153 g of polyethylene per miilimole of zirconium and the 
atomic ratio Al/Zr was 200. It consisted of spheroidal particles having Dm = 90 microns and a particle size 
distribution such that the ratio Dm/Dn- = 1 .5. 

d) Gas phase polymerization of ethylene 

35 " — — — 

A powder charge of 800 g of a polyethylene originating from a preceding polymerization and which had 
been stored under nitrogen, was introduced into a fluidized bed reactor having a diameter of 18 cm. The 
reactor was heated to 80* C and ethylene was introduced into it, so as to obtain a pressure of 1.0 MPsu 
Ethylene passed upwardly through the bed with a fluidization speed of 30 cm/sec. 

40 25 g of the previously prepared prepolymer were introduced into the fluidized bed reactor and the 
temperature in the bed was kept at 80* C during 8 hours. A polyethylene powder was thus prepared, having 
a density of 0.95 g/cm 3 , a melt index (ASTM D 1238 condition E) of 0.1 g/10 minutes, a molecular weight 
distribution such that Mw/Mn = 2.5, a zirconium content of 5 (ppm) parts per million by weight, a level of 
vinyl unsaturation of 0.4 per 1000 carbon atoms and a level of vinylidene unsaturation of 0.1 per 1000 

45 carbon atoms. The powder consisted of spheroidal particles, having Dm = 400 microns and a ratio Dm/Dn 
= 1 .5. It had a bulk density of 0.45 g/cm 3 . 

Example 5 

so a) Preparation of a support 

This was exactly indentical with that of Example 1 . 

b) Preparation of a catalyst 

The preparation was carried out exactly as in Example 4, apart from preparing 250 ml of a mixture in 
toluene containing 5 millimoles of (Cp2ZrCI2) and 125 milliatoms of aluminium as (MAO) in solution at a 
concentration of 30% by weight in toluene, and apart from introducing the mixture into the reactor. 
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A solid catalyst was obtained in the form of spheroidal particles which had Dm = 35 microns and a 
Dm/Dn ratio = 1 .4. It contained the elements Zr, Mg and Al in the following molar ratios: 
Zr/Mg = 0.05 
Al/Zr = 0.14 

5 

c) Preparation of a prepolymer 

The preparation was carried out exactly as in Example 4, apart from using the previously prepared 
catalyst 

10 

d) Gas phase polymerization of ethylene 

The polymerization was carried out exactly as in Example 4, apart from using the previously prepared 
prepolymer. 

15 A polyethylene powder was thus prepared, having a density of 0.947 g/cm 3 , a melt index (ASTM D 
1238 condition E) of 0.1 g/10 minutes, a molecular weight distribution such that Mw/Mn = 2.6, and a 
zirconium content of 4 ppm. The powder consisted of spheroidal particles, having Dm = 450 microns and a 
ratio Dm/Dn = 1.6. It had a bulk density of 0.46 g/cm 3 . 

20 Example 6 

a) Preparation of a support 

This was exactly identical with that of Example 1 . 

25 

b) Preparation of a catalyst 

The preparation was carried out exactly as in Example 5, apart from maintaining the reactor at 25 - C 
and the mixture stirred at 25 " C for 2 hours after the introduction into the reactor of the mixture containing 
30 (Cp2ZrCI2) and (MAO). 

A solid catalyst was obtained in the form of spheroidal particles which had Dm = 35 microns and a 
Dm/Dn ratio = 1.5. It contained the elements Zr, Mg and Al in the following molar ratios: 
Zr/Mg- = 0.034 
Al/Zr = 0.15 

35 

c) Preparation of a prepolymer 

The preparation was carried out exactly as in Example 4, apart from using the previously prepared 
catalyst. 

40 

d) Gas phase polymerization of ethylene 

The polymerization was carried out exactly as in Example 4, apart from using the previously prepared 
prepolymer. 

45 A polyethylene powder was thus prepared, having a density of 0.946 g/cm 3 , a melt index (ASTM D 
1238 condition E) of 0.2 g/10 minutes, a molecular weight distribution such that Mw/Mn = 2.5 and a 
zirconium content of 5 ppm. The powder consisted of spheroidal particles, having Dm = 400 microns and a 
ratio Dm/Dn = 1 .7. It had a bulk density of 0.46 g/cm 3 . 

so Claims 

1. Solid catalyst suitable for a heterogeneous process for polymerizing one or more olefins, the solid 
catalyst being prepared by contacting a zirconium metallocene with a magnesium chloride support, 
characterized in that the solid catalyst is obtainable by a process comprising: 
55 (1) a first stage, wherein a solid support (A) containing from 80 to 99.5 mol% of magnesium 

dichloride and from 0.5 to 20 mol% of at least one organic electron-donor compound, D1 , free from 
labile hydrogen, the solid support (A) being in the form of spheroidal particles with a mass-average 
diameter, Dm, of 10 to 100 microns and a particle size distribution, such that the ratio of Dm to the 
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number-average diameter, Dn, of the particles is not higher than 3, is brought into contact with at 
least one electron-donor compound, D2, containing labile hydrogen, 

(2) then, a second stage, wherein the support resulting from the first stage is brought into contact 
with a zirconium metaJlocene (B), optionally with an organoafuminium compound (C), preferably an 
s aluminoxane. 

2. Solid catalyst according to Claim 1, characterized in that the organic electron-donor compound, D1, 
free from labile hydrogen is chosen from ethers, esters, thioethers, suiphones, sulphoxides, secondary 
amides, tertiary amines, tertiary phosphines and phosphoramides. 

10 

3- Solid catalyst according to Claim 1 , characterized in that the electron-donor compound, D2, containing 
labile hydrogen is chosen from alcohols, phenols, primary amides, primary or secondary amines and 
primary or secondary phosphines. 

75 4. Process for preparing the solid catalyst according to any of Claims 1 to 3, characterized in that 

- in the first stage, the compound D2 is used in an amount such that the molar ratio of the quantity 
of D2 to that of magnesium is from 0.05 to 3, and 

- in the second stage, the amounts of the components used are such that the molar ratio of the 
quantity of Zr of (B) to that of Mg is from 0.001 to 1 , and the molar ratio of the quantity of Al of 

20 (C) to that of Zr of (B) is from 0 to 1000. 

5- Prepolymer particles characterized in that they comprise (i) a polyethylene or a copolymer of ethylene 
with up to 10% by weight of at least one C3 to C8 alpha-olefin and (ii) an active catalyst for a further 
(co-)polymerization of olefins essentially containing atoms of zirconium, magnesium, chlorine and 
25 aluminium, and comprising an organoaluminium compound as cocatalyst and the solid catalyst 
according to any of Claims 1 to 3, or prepared according to Claim 4, in a quantity such that the 
prepolymer contains from 0.1 to 500 g of polyethylene or copolymer of ethylene per millimole of 
zirconium and the atomic ratio Al/Zr is from 10 to 1000. 

30 6. Prepolymer particles according to Claim 5, characterized in that they consist of spheroidal particles, 
having a mass-average diameter, Dm, from 20 to 500 microns and a particle size distribution such that 
the ratio of Dm to the number-average diameter, Dn, of the particles is not higher than 3. 

7. Process for preparing the prepolymer particles according to Claim 5 or 6, characterized in that the solid 
36 catalyst according to any of Claims 1 to 3 or prepared by a process according to Claim 4 is contacted 

with ethylene or a mixture of ethylene and at least one C3 to C8 alpha-olefin in a liquid hydrocarbon 
slurry or in a gas phase, at a temperature from 0 to 100° C, under a total pressure from 0.1 to 5 MPa, 
in the presence of an organoaluminium compound in a quantity such that atomic ratio Al/Zr is from 10 
to 1000. 

40 

8. Process for polymerizing ethylene or copolymerizing ethylene with at least one C3 to C8 alpha-olefin, 
characterized in that the solid catalyst according to any of Claims 1 to 3 or prepared according to Claim 
4, or the prepolymer particles according to Claim 5 or 6 or prepared according to Claim 7, are 
contacted with ethylene or a mixture of ethylene with at least one C3 or C8 alpha-olefin, at a 

45 temperature of 10 to 110* C, under a total pressure of 0.1 to 5 MPa, in the presence of an 
organoaluminium compound, in a quantity such that the atomic ratio Al/Zr is from 10 to 1000. 

9. Polymer or copolymer powder obtainable by the process according to Claim 7 or 8, comprising (i) a 
polyethylene or a copolymer of ethylene with up to 30% by weight of at least one C3 to C8 aipha- 

so olefin, having a density from 0.89 to 0.965 g/cm 3 , a melt index (ASTM D 1238 condition E) from 0.01 to 
50g/10 minutes, a molecular weight distribution from 2 to 5 and a level of ethylenic unsaturation not 
higher than 0.6 per 1000 carbon atoms and (ii) catalyst residues essentially consisting of atoms of 
magnesium, chlorine, aluminium and zirconium, the quantity of zirconium being from 0.5 to 20 parts per 
million by weight, the said powder having a bulk density from 0.3 to 0.55 g/cm 3 . 

55 

10. Polymer or copolymer powder according to Claim 9, characterized in that it consists of spheroidal 
particles, having a mass-average diameter, Dm, from 150 to 1000 microns and a particles size 
distribution such that the ratio of Dm to the number-average diameter, Dn, of the particles is not higher 
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